Introduction
Periprosthetic joint infection (PJI) has remained the most annihilating adversity and intriguing challenge confronting orthopaedic surgeons following joint arthroplasty procedures globally. The criticality of a surgeon's decision in identifying an underlying infection prior to revision arthroplasties and in managing such
The role of newer synovial biomarkers in the diagnosis of periprosthetic infections VK Viswanathan 1 *, P Nayak 2 situations appropriately can never be understated. Despite the advent of multitudinous, advanced and more accurate diagnostic modalities in describing subclinical infectious processes [1] [2] [3] [4] [5] [6] , there still exist certain perplexing circumstances where the surgeon is faced with ambiguous and equivocal investigation results 7 . Novel and simpler diagnostic tests have been debated and investigated upon lately worldwide, which may aid orthopaedists by providing additional evidences supporting the presence or absence of infections in such situations of dubiety.
The role of diverse synovial fluid biomarkers in early detection of PJIs has recently been the subject of interest among investigators. Apart from the bacterial detection techniques (including bacterial culture 8 or other genetic detection procedures like PCR [9] [10] ), modalities that involve direct detection of the joints' response to these septic stressors have gained immense attention. These include the inflammatory, acute phase markers including CRP [11] [12] [13] [14] [15] , leukocyte enzymes 16 and multiple cytokines and molecular markers 17 from the aspirated joint fluid. These, in addition to the total and differential counts of recruited synovial white blood cells, may develop into potentially invaluable tools in PJI diagnosis. The current review article purports to focus upon these aforementioned newer investigative techniques, which may form an important part of pre-operative work-up for revision arthroplasties and may aid in probing into the existence of any probable, underlying infections.
Discussion
The gold-standard technique to diagnose periprosthetic joint infections has long eluded the medical fraternity. Parvizi et al. 18 had proposed the following diagnostic criteria to identify this dreaded complication: 
Review
Another study by Parvizi et al. 30 included prospective collection of synovial fluid samples in 63 patients undergoing primary or secondary replacement surgeries. Forty-three of these patients were classified into the aseptic group, while the remaining was considered septic. Cipriano et al. 31 studied 803 patients undergoing 871 consecutive hip and knee arthroplasties (810 of these patients had non-inflammatory arthritis and the remaining had inflammatory joint pathologies). Cashman et al. 32 had prospectively collected 50 synovial samples from patients undergoing knee replacements and had divided them into three groups: primary Total Knee Arthroplasties (TKAs), infected arthroplasties and the non-infected ones. All samples were assessed for CRP, cell count and differential count. Another study 33 involved 53 patients undergoing TKA, and synovial fluid CRP levels were measured using individual ELISA and multiplex immunoassay platform. Parvizi et al. 34 , in another article on the same subject, discussed the CRP levels in 72 patients, in whom joint fluid analysis was carried out just before revision total knee arthroplasties. Twentynine of these knees were infected, and all the samples were run on multiplex immunoassay platform. Fifteen other samples (of which 10 were infected) were analysed using ELISA kit. The results of all these studies have been shown below (Table 1) .
Thus, most of the studies (although very limited) have confirmed the role of synovial fluid CRP in PJI. The need for a large-scale trial is, however, warranted in the current scenario to analyse its necessity in routine synovial studies and incorporation into management protocol.
Detection of synovial leukocyte esterase in the diagnosis
Based on the hypothesis and assumption 16, 35 that infected synovial fluid is flooded with leukocytes and the measurement of an enzyme secreted
Pathophysiology of prosthetic infections
The most important pathophysiology 20 of prosthesis-related infections includes adhesion of the bacteria to the surface of the implant. This process may be aided by the surrounding biomaterials and adjoining joint fluid and involves two distinctive phases, namely the nonspecific reversible phase and the specific irreversible phase. The most common bacteria causing prosthetic infections are the Gram-positive organisms, especially the Staphylococci, and these bacteria have a relatively specific mode of intracellular internalisation that augments their infective capability and resistive potential to antibiotics.
Techniques to improve yield in bacterial detection methods
Molecular diagnostic techniques to detect bacterial infections have been extensively studied in the last few years. Bergin et al. 21 proposed the role of RTPCR in detecting bacterial rRNA, which has a sensitivity equivalent to intraoperative cultures as well as 100% specificity and positive predictive value. The principal advantage of this technique over culture is the possibility of bacterial detection even after the inception of antibiotic therapy. Jacovides et al. 22 had employed the sophisticated Ibis Biosciences T5000 biosensor system, which uses pan-domain primers in a series of PCRs to identify all bacteria and fungi. Synovial fluid was collected from 82 patients prospectively undergoing 87 replacement procedures. Both culture and Ibis analysis were carried out. Apart from identifying the pathogen in all cases that were grown on cultures, this novel modality also detected organisms in four out of five culture-negative cases. Achermann et al. 23 prospectively studied 37 prostheses that were removed following a diagnosis of PJI. The implants were sonicated, and the resultant fluid was cultured and sent for multiplex PCR. They could identify infection in all the 19 patients (100%) using multiplex PCR despite being on antibiotics, while sonication cultures grew the organism in eight such patients only (42%).
Detecting bacterial nucleic acids in synovial fluid can be technically complicated due to the presence of inhibitors in the specimen [24] [25] [26] [27] . Various techniques had been advocated and practiced by investigators to overcome this difficulty and provide appropriate sample preparation. Kathju et al. 28 had described a technique involving a single round of multiple displacement amplification on purified nucleic acids, so as to concentrate the template DNA.
Although the PCR analysis of the tissues may be considered an ingenious method to diagnose PJI, there have been issues raised regarding the possible false-positive results secondary to tissue contamination problems. Bjerkan et al. developed and designed a specific way of performing real-time 16S rRNA gene PCR analysis, which is purported to minimise the chances of false positivity and obviate this problem.
Detection of synovial CRP in the diagnosis
After an extensive search of the literature, we could identify seven articles that had discussed the diagnostic utility of CRP in the aspirated joint fluid in PJI. Vanderstappen et al. 15 had included a total of 43 patients and compared the roles of serum (from 24 serum samples collected) and synovial CRP levels (from 44 synovial fluid samples) in the diagnosis of infection. Parvizi et al. 29 had studied 66 patients undergoing revision total knee arthroplasty, who were classified as infected or not based on standardised criteria. Synovial CRPs were measured using an individual CRP assay (15 samples: 10 infected and 5 non-infected) and multiplex immunoassay platform (59 samples: 25 infected and 34 non-infected). 16 had studied during the period May 2007-April 2010 a total of 108 synovial fluid samples (preoperative samples in suspected joint infections and intraoperative samples in those undergoing revision replacements). The aspirate was examined for leukocyte esterase enzyme using colourimetric strips, and the colour changes were graded as negative, trace, + or ++. Wetters et al. [35] [36] in 2012 had included a total of 223 consecutive total hip or knee arthroplasties, which were evaluated for PJI using leukocyte esterase reagent (LER) strips. In another study in 2011, a total of 223 patients who were suspected to have developed PJI (180 TKAs and 43 Total Hip Arthroplasties (THAs)), testing with LER strips was done in the office (156 patients) or in the operating room (67 patients). Researchers only considered LER strips positive for infection, if the test was reported for moderate or large reactivity (+ or ++). The results of these studies have been shown below ( Table 2) .
Detection of other synovial biomarkers in the diagnosis
Recently, researchers have assayed to include a set of test detecting levels of multiple cytokines or molecular markers in the synovial fluid aspirate. These markers may be anticipated to represent more specific tools in aiding the discovery of early infections, and thus there is considerable enthusiasm regarding their future roles. The role of serum IL6 17 and other molecular proteins has been discussed by researchers 
Conclusion
The issue of peri-prosthetic infections has flummoxed the orthopaedic fraternity for ages, and the goldstandard management that can be universally employed has not been determined hitherto. Synovial aspirates provide the most direct evidence for intra-articular pathologies and infections, and the immediate markers for local, inflammatory activity and products of inflammatory cascade within the joint, heretofore discussed, can be useful indicators of these joint insults. They may act as additional components of synovial fluid testing (apart from the routinely performed smear analysis, total and differential leukocyte counts and bacterial culture).
It must, however, be observed that the current literature is extremely scarce on these newer modalities, and their role in standard clinical practice is still greatly dubious and debatable. The research in this subject has a long way ahead and is reckoned in future, to elucidate our perspective and outlook on such scenarios.
